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Pamagnetic resoliance data of various rare earth ions

in the crystal field of presented. It is found

that there are at least three types of symmetries, cubic,

axial and trigonal. . spectra -.A.,3

are presented.
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We have studied the paranstetic resonance spectra of rare earth ions in

the crystal field of calcium fluoride. These spectra can be olssifle4 as

belonging to three types: a. spectra which indicate that the rare earth. ions

are exposed to a cubic field; b. spectra In hich the anisotropie behaviour

suggests an axial crystal field along the cubic directions; a. spectra in which

the axial distortion is along the body diagonals of the cube.

The calcium ion with fluorite structure is surrounded by a cube of eight

nearest fluorine ions. The trivalent rare earth ions substitute for the

calcium ion. However, a charge compensation has to take place to preserve the

neutrality of the crystal. From measurements of the X-ray lattice constants1

and of the ionic conductivity2 it has been shown that In well annealed crystals

the main disorder introduced into the crystal by, the addition of the rare earth

ion is the formation of r- nterstitial (see Fig. 1). ".The empty sites Which

are available for the interstitial f ion are located at the center of the

adjacent cube along one of the cubic axes. Supporting evidence for t f

interstitial formation is found in the work of Bleansy et al. 3

With proper thermal treatment, part or a large fraction of the interstitial

fluorine ions can be removed from the adjacent cube next to the rare earth ion. 4

In this case, the point symnetry of the rare earth ions approximates Oh . In

some crystals, however, the predominant axial distortion Is found from paramneotic

resonance spectra to be along the body diagonals of the cube. The optical

spectra shown a number of strong bands and very poor ultraviolet transmission.

It is likely that one of the fluorine ions at the oirner of the ocube is replaced

by 02- or Or" ion. Supporting evidence is found that an besting the crystal

In air this. spectru inozes in Intensity.
The respective crystal fiel*s are given by

a) V cubic =r B40 :0L0+5o "4 + -4 L0 60 -21(s4 +04)J
4o L4 42 4 )1+ Bo +

b V axial- B2 % .0 4B 0 0 +,,,(0 + a,4(,,4o-., 4 4+ 0-)

0) V ds, %- 0 0oo + B00 + BOO°%0..36 ..-3 .Bo 000, -,3
)Y gm 04
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VheeM are crystaL field coefficients proportional to £ and O areBnn

operators transforming the corresponding spherical Legendre polonomials.

The magnetic properties of these three types of spectra are very different

and we shall illustrate this in a few selected examples. A full report of

the magnetic properties of the rare earth ions in calcium fluoride will

appear elsewhere.

'R15/2

a) In the cubic field of calcium fluoride, the 16-fold degeneracy spuita into

3 quarte" (r8) and two doublets. The lowest levels are given by

-258.86 a - 162 d, r8

-.26 o - 312 d, F7

where o and d are parameters signifying the fourth and sixth order oontribution.

For a point charge model they are' iven by

O 32 d 24 z-

5
The observed g factor is 6.785 - 0.002. This is consistent with a 7 groud

state whid gives g calculated - 6.79. A lowest r level indicates that the

rare earth i speotnm is dominated to a large extent by the sixth order term

in the potential.

6
b) An anal, speotrum has bon observed by Baker et al and by the author with

en - 7.76 and sj - 6.253. This Is consistent with the sNs doublet level

eMOt aw umeed to am axial ulsA sinoe 9. + 2i v . u AobLe
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o) A set of the lines, arising from the three ineayivalent site* ith axial

symetry along the three body diagomai direations, is obseted, In *m aoystal..7

& Lo ca be dscribed by C factors

,-2.23v, cj - 8.9 and sin.. c. C vA ic.

3

The g factors can be explained to arise from a doublt wi*

ai ±13/2 ) + b 7/2 ) + c 1±1/2 ) + d1; 5/2 ) + 4 ; 11/2)

vith the coefficients b and d larger then a# o or e.

To " : 2Fp7/2

(a) Th. cubic field maggests that F? is the powd state level. Te wave

function of the doublet is givem by

mAn the calculated g factor - 24/7. the observed g factor of 39426+40.001 is
In essential agreemet. 8

(a) fte spectrum along the body diassmals am be reressmited 1w Us ot"

BoiItoniLan

B " gPil , ~ PI XB+ B) + A8j+ B(SxI 8!yy) + P(II 1/31(1)

wit 8 - I and I - * or I - 5/2.
21e observed C factor Is a. - 1.323 + 0.001 an d - 4.387 + 0.002 mrlng that

.io i s r/e aiotrpi lwael. %is rmem dubet mao bse an1 mitd ui*

0.940 I±1/2 + 4 0.264 I±7/2 +* 0.209 5 /2)
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Thelv"erfin part is expresed as

A171 . 354.6 B171- M

A r  = 96 B11" m0

g1 A

all in 10-4 am. Thes results lndloat@ a large qladrWoe mmMt Of about

2.4 barns.

Nd+ 419/2

(a) Calculations show that the ground state for all ratios of the fourth to

sixth order parameters is given by a quartet Fa. rhe wave funotions and
g factors are given by

a value tramsition iihkt

2.24 0.8722 -5/2)'-0.4892 1 + 3/2 ) 0.8722 1+5/2 ) 0.4892 1 - 3/k ) 20

1.15 0.87221t5/2 )-0.4892 I; 3/2 ) o.054101 9/2) ..0.29811;1/2)0.9530117/2) 4.4

4.54 0.54101+9/2)-0.2981 1+1/2)+0.95301 -7/2)-0.0 OI-9/2)-0.2981 j

-i/2,)+0.95301 +7/2 )0.076
fte spin Hauiltonian of the 8- level In a cubic field is outlined by

Ble nsy9 applies here. The spectrum has been investiated and oorresmods

approximately bo this Haniltaian.

H - gB(%si) *. f3(Hs ) I - Z, Y, .

10
The observed and calculated C factors are given in Table I

(b) The axial field spectrum has been investigated by Bleenq et &13 and
10remesm byed bus o. he factors are given- 4 4.41 md g - .301.

The pound state an be desoribed possibly by

-a j+9/2).bj±1/) + aI ; 7/2 )
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(a) A weak speotrm is also oberved, with the axial fi.ld a1ong the body

We have. in addition. oberved the oubic fie3. speotum of C*0, Dy

&M G , the sxImI field speotra of these iAi. The axial speetra of ions

with even muber of elootrons mach as % , andTa3 haa been observed as wll.7

A large port of this work h&s bee perfozued in collaboration with

We. . Dvir, U. Roesberger and Dr. G. VTimne.
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